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检测 PI3K、Akt、ACC 的 mRNA 表达⽔平，蛋⽩质印迹法（Western blot）检测
GLUT4、磷酸化 Akt、AMPK 的蛋⽩表达⽔平。 
动物实验：采⽤⾼脂饲料喂养加链脲佐菌素（STZ）腹腔注射的⽅法诱导⼤
⿏产⽣ 2 型糖尿病，随机分组为糖尿病对照组、低、⾼剂量查尔酮组，每组 10




RT-PCR 法检测⾻骼肌细胞中 AMPK 和 ACC 的 mRNA 表达⽔平，Western blot
法测⾻骼肌细胞磷酸化 ACC 的蛋⽩表达⽔平。 
结果 



















抵抗组，差异具有统计学意义(P<0.05)。胰岛素抵抗组 PI3K、Akt 的 mRNA 表达
⽔平显著低于正常对照组，胰岛素抵抗组 ACC 的 mRNA 表达⽔平显著⾼于正常
对照组；中、⾼剂量查尔酮组 PI3K、Akt 的 mRNA 表达⽔平显著⾼于胰岛素抵
抗组，⾼剂量查尔酮组 ACC 的 mRNA 表达⽔平显著低于胰岛素抵抗组，胰岛素
抵抗组 GLUT4、磷酸化 Akt、AMPK 的蛋⽩表达⽔平显著低于正常对照组，⾼




骼肌 TG 含量均显著低于糖尿病对照组，AMPK 的 mRNA 和磷酸化 ACC 的蛋⽩
表达⽔平均显著⾼于糖尿病对照组，⽽ ACC 的 mRNA 表达⽔平则显著低于糖尿
病对照组，以上差异均具有统计学意义(P<0.05 )。  
结论 
明⽇叶查尔酮可通过调节 PI3K-Akt-GLUT4 与 AMPK/ACC 两条信号通路，
促进胰岛素抵抗模型中⾻骼肌细胞 GLUT4 的表达，增加对葡萄糖的摄取利⽤，
缓解⾻骼肌的葡萄糖代谢障碍，改善胰岛素抵抗。 


















To investigate the effect of chalcones extracted from Angelica keiskeion (AC) on 
insulin resistance of skeletal muscle with type 2 diabetes in vivo and vitro. 
Methods 
In vitro study: Differentiated L6 cell line with insulin resistance induced by high 
insulin was incubated with Angelica keiskei chalcones at the concentrations of 20 
µmol/L, 10µmol/L and 5 µmol/L for 24 h. The contents of glucose in the supernatant 
were determined by using glucose oxidase method. The mRNA expression of PI3K 
and Akt was evaluated by reverse transcription polymerase chain reaction ( RT-PCR ). 
The protein of Akt and GLUT4 was measured by western blot. 
In vivo study: Diabetic rats were induced by high-fat feeding and streptozotocin 
with intraperitoeal injection. The rats were divided into 3 groups randomly with 10 
rats in each group as diabetic control group, high-dose AC group and low-dose AC 
group fed with high-fat diet. AC with 0, 35 and 10 mg/kg BW per day were given to 
diabetic control, high-dose AC and low-dose AC groups, respectively. Another 10 
normal rats were fed with regular diet as the normal control group. After 4 weeks, 
blood glucose levels were measured by glucose oxidase method. Serum insulin levels 
were determined by radioimmunoassay. The contents of triglyceride (TG) in skeletal 
muscle were measured by automatic biochemical analyzer. The mRNA expression of 
AMPK and ACC were determined by reverse transcription polymerase chain reaction 
(RT-PCR). The phosphorylation levels of ACC were analyzed by western blot. 
Results 
In vitro study: Compared with the normal control, the glucose content in 
















Akt mRNA and the protein of Akt and GLUT4 were decreased. The glucose content 
in supernatant of L6 cells incubated with 20 µmol/L and 10µmol/L were decreased 
while the mRNA expression of PI3K and Akt and the protein expression of Akt and 
GLUT4 were increased comparing with the insulin resistance control. All the 
difference was significantly different (P<0.05). 
In vivo study: Blood sugar, serum insulin and TG in skeletal muscle of rats fed 
with high dose AC were all significantly lower than those of the diabetic control 
group (P<0.05）. Their expression of AMPK mRNA and phosphorylated ACC were 
both significantly higher than those of the diabetic control group（P<0.05）. And ACC 
mRNA expression of high-dose AC group were significantly decreased comparing 
with the diabetic control group（P<0.05）. 
Conclusion 
Angelica keiskei chalcones may improve the insulin resistance of type 2 diabetes 
through activating the PI3K-Akt-GLUT4 and AMPK-ACC signaling. 


















摘 要..................................................... I 
Abstract ................................................ III 
第一章 绪论............................................... 1 
第二章 体外实验........................................... 5 
2.1 实验方法 ...................................................... 5 
2.1.1 试剂与仪器 ................................................................................................................ 5 
2.1.2 明⽇叶查尔酮的分离制备 .................................................................................... 6 
2.1.3 实验细胞 .................................................................................................................... 6 
2.1.4 溶液的配制 ................................................................................................................ 6 
2.1.5 胰岛素抵抗模型的建⽴与实验分组 .................................................................. 6 
2.1.6 明⽇叶查尔酮对葡萄糖代谢的影响作⽤ ......................................................... 7 
2.1.7 明⽇叶查尔酮对 PI3K-Akt-GLUT4 信号通路的影响作⽤ ......................... 7 
2.1.8 明⽇叶查尔酮对 AMPK/ACC 信号通路的影响作⽤ ................................... 8 
2.1.9 数据统计 .................................................................................................................. 10 
2.2 实验结果 ..................................................... 10 
2.2.1 明⽇叶查尔酮的分离制备 .................................................................................. 10 
2.2.2 L6 ⾻骼肌细胞的诱导分化 .................................................................................. 11 
2.2.3 胰岛素抵抗模型的建⽴ ....................................................................................... 12 
2.2.4 明⽇叶查尔酮对葡萄代谢的影响作⽤ ............................................................ 13 
2.2.5 明⽇叶查尔酮对 PI3K-Akt-GLUT4 信号通路的影响作⽤ ....................... 14 
2.2.6 明⽇叶查尔酮对 AMPK/ACC 信号通路的影响作⽤ ................................. 16 
第三章 体内实验.......................................... 18 
3.1 实验方法 ..................................................... 18 
3.1.1 仪器与试剂 ............................................................................................................... 18 
















3.1.3 建⽴糖尿病⼤⿏模型及分组 .............................................................................. 19 
3.1.4 空腹⾎糖与⾎清胰岛素⽔平的测定 ................................................................ 19 
3.1.5 ⼤⿏⾻骼肌中 TG 含量的测定 .......................................................................... 20 
3.1.6 明⽇叶查尔酮对⼤⿏⾻骼肌细胞 AMPK 与 ACC 的 mRNA 表达⽔平的
影响作⽤ ............................................................................................................................. 20 
3.1.7 明⽇叶查尔酮对⼤⿏⾻骼肌 ACC 蛋⽩表达⽔平的影响 ......................... 20 
3.1.8 数据统计 .................................................................................................................. 21 
3.2 实验结果 ..................................................... 21 
3.2.1 明⽇叶查尔酮对糖尿病⼤⿏⾎糖、⾎清胰岛素⽔平及⾻骼肌 TG 含量
的影响作⽤ ......................................................................................................................... 21 
3.2.2 明⽇叶查尔酮对 AMPK、ACC 的 mRNA 表达⽔平的影响作⽤ .......... 22 
3.2.3 明⽇叶查尔酮对 ACC 蛋⽩表达⽔平的影响作⽤ ....................................... 23 
第四章 讨论.............................................. 23 
4.1 糖尿病胰岛素抵抗模型的建立 ................................... 23 
4.2 明日叶查尔酮对胰岛素抵抗模型中 GLUT4 表达的影响作用 ......... 24 
4.3 明日叶查尔酮对胰岛素抵抗模型中 PI3K/Akt 信号通路的影响作用 ... 25 
4.4 明日叶查尔酮对胰岛素抵抗模型中 AMPK/ACC 信号通路的影响作用 . 26 
4.5 总结 ......................................................... 27 
参 考 文 献.............................................. 28 
综 述.................................................... 37 
明日叶查尔酮的生物学功效研究及健康食品的开发............. 37 
摘 要 ............................................................ 37 
第一章 前言 ...................................................... 37 
第二章 明日叶查尔酮的提取方法 .................................... 37 
2.1 溶剂浸提法 .................................................................................................................. 38 
2.2 索⽒提取法 .................................................................................................................. 38 
2.3 微波提取法 .................................................................................................................. 39 
2.4 超声波提取法 .............................................................................................................. 39 
















第三章 明日叶中查尔酮的检测方法 .................................. 40 
第四章 明日叶查尔酮的生物学功效 .................................. 41 
4.1 改善胰岛素抵抗 ........................................................................................................ 41 
4.2 保护⼼脑⾎管 ............................................................................................................ 43 
4.3 抗癌作⽤ ...................................................................................................................... 43 
4.4 抗疟疾作⽤ ................................................................................................................. 44 
4.5 抗炎作⽤ ...................................................................................................................... 44 
4.6 其他作⽤ ...................................................................................................................... 45 
第五章 明日叶的毒理学评价与健康食品的开发 ........................ 45 
5.1 明⽇叶的毒理学评价 ............................................................................................... 45 
5.2 明⽇叶健康⾷品的开发 .......................................................................................... 46 
5.3 总结与展望 ................................................................................................................. 47 
















Table of Contents 
iv 
 
Table of Contents 
Abstract in Chinese .................................................................................. I 
Abstract in English ............................................................................... III 
Chapter 1 Introduction ............................................................................ 1 
Chapter 2 In vitro study .......................................................................... 5 
2.1 Methods ............................................................................................................... 5 
2.1.1 Reagents and instruments ............................................................................. 5 
2.1.2 AC extraction ................................................................................................ 6 
2.1.3 Cells .............................................................................................................. 6 
2.1.4 Solution preparation ...................................................................................... 6 
2.1.5 Grouping and intervention… ........................................................................ 6 
2.1.6 The effect of AC on the glucose metabolism ................................................ 7 
2.1.7 The effect of AC on PI3K-Akt-GLUT4 pathway ......................................... 7 
2.1.8 The effect of AC on AMPK/ACC pathway .................................................. 8 
2.1.9 Data processing ........................................................................................... 10 
2.2 Results ............................................................................................................... 10 
2.2.1 AC extraction .............................................................................................. 10 
2.2.2 L6 cells differentiation ................................................................................ 11 
2.2.3 Establishment of insulin resistance mode ................................................... 12 
2.2.4 The effect of AC on the glucose metabolism .............................................. 13 
2.2.5 The effect of AC on PI3K-Akt-GLUT4 pathway ....................................... 14 
2.2.6 The effect of AC on AMPK/ACC pathway ................................................ 16 
Chapter 3 In vivo study ......................................................................... 18 
3.1 Methods ............................................................................................................. 18 
3.1.1 Reagents and instruments ........................................................................... 18 
3.1.2 Animals… ................................................................................................... 19 
3.1.3 Grouping and intervention… ...................................................................... 19 
3.1.4 The effect of AC on the levels of blood sugar and serum insulin… ........... 19 
3.1.5 The effect of AC on the levels of TG… ...................................................... 20 













Table of Contents 
v 
 
3.1.7 The effect of AC on the protein expression of ACC ................................... 20 
3.1.8 Data processing ........................................................................................... 21 
3.2 Results ............................................................................................................... 21 
3.2.1 The effect of AC on the levels of blood sugar、serum insulin and TG ...... 21 
3.2.2 The effect of AC on the mRNA expression of AMPK and ACC ................ 22 
3.2.3 The effect of AC on the protein expression of ACC ................................... 23 
Chapter 4 Discussion ............................................................................. 23 
4.1 Insulin resistance establishment ..................................................................... 23 
4.2 The effect of AC on the protein expression of GLUT4 ................................. 24 
4.3 The effect of AC on the PI3K/Akt pathway ................................................... 25 
4.4 The effect of AC on the AMPK/ACC pathway ............................................. 26 
4.5 Conclusion ........................................................................................................ 27 
References ............................................................................................... 28 
Review ..................................................................................................... 37 
The biological effect of chalcones and healthy food development ..... 37 
Abstract ................................................................................................................... 37 
Chapter 1 Introduction .......................................................................................... 37 
Chapter 2 Methods for extracting chalcones ....................................................... 37 
2.1 Solvent extraction .......................................................................................... 38 
2.2 Soxhlet extraction .......................................................................................... 38 
2.3 Microwave extraction .................................................................................... 39 
2.4 Ultrasonic extraction. ..................................................................................... 39 
2.5 Other technology ............................................................................................ 40 
Chapter 3 Detection methods of chalcones .......................................................... 40 
Chapter 4 The biological effect of chalcones ....................................................... 41 
4.1 Insulin resistance improment… ..................................................................... 41 
4.2 Protective effect on cardio-cerebrovascular systems ..................................... 43 
4.3 Anti-cancer effect .......................................................................................... 43 
4.4 Anti-malarial effect ........................................................................................ 44 
4.5 Anti-inflammatory effect ............................................................................... 44 













Table of Contents 
vi 
 
Chapter 5 Toxicological evaluation of Angelica Keiskei and the development of 
healthy food ............................................................................................................ 45 
5.1 Toxicological evaluation ................................................................................ 45 
5.2 Healthy food development ............................................................................. 46 
5.3 Conclusion and outlook ................................................................................. 47 
References ............................................................................................... 48 
Appendices .............................................................................................. 60 



























转运体（GLUT）介导完成，GLUT 是⼀组膜蛋⽩，存在 12 种亚型，作为⼀种最
为⼴泛的转运体⼏乎被发现存在于所有哺乳动物细胞膜表⾯，不同亚型间氨基酸
相似性达到 50%~76%[5]。葡萄糖转运体 4（GLUT4）是由 12 个跨膜⽚段组成，
分⼦量约为 45~55KD，对葡萄糖亲和⼒⾼，是葡萄糖转运的限速步骤，主要介








⽔平异常升⾼。研究发现糖耐量异常患者或 2 型糖尿病⼈其脂肪细胞中 GLUT4
的蛋⽩与 mRNA 的表达⽔平均降低[9]。⾃发性肥胖导致的 2 型糖尿病⼤⿏⾻骼肌


















活性的表达来改善 2 型糖尿病。 
























































Figure1 The regulatory signalings on glucose uptake of skeletal muscle 
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